The glucose transporter is a membrane glycoprotein that is involved in the uptake of glucose by most, if not all, animal cells. A cloned cDNA that encodes the human protein was used to map the gene to a specific chromosomal region and to identify a DNA polymorphism. The human gene (designated GLUT) was assigned to chromosome 1p31.3H>p35 by hybridization of the probe to DNA from a panel of human-mouse somatic cell hybrids containing different human chromosomes and by in situ hybridization to isolated metaphase chromosomes. The most likely location of GLUT is in 1p33. A common two-allele restriction-fragment-length polymorphism was identified with Xba I. Diabetes 36:546-49, 1987
T he glucose transporter is an integral membrane glycoprotein that is involved in transporting glucose into most cells (1) . The properties of this protein are regulated by insulin, which increases glucose uptake in responsive cells by inducing the rapid translocation of glucose transporters from an intracellular storage pool to the plasma membrane. Complementary DNAs encoding the human protein have been isolated, and the predicted amino acid sequence indicates that this protein lacks a cleavable NH 2 -terminal signal sequence and possesses 12 potential membrane-spanning domains (2) . Abnormalities in the glucose transporter or in its response to the binding of insulin to its receptor could represent one type of postreceptor defect and thus possibly contribute, at least in part, to the hyperglycemia and insulin resistance observed in noninsulin-dependent diabetes mellitus (NIDDM). As a first step in assessing the role of the glucose transporter gene in the etiology of diabetes mellitus, we have determined the chromosomal localization of the human glucose transporter gene (GLUT).
MATERIALS AND METHODS
Human glucose transporter cDNA probe. cDNAs encoding the human glucose transporter were isolated from a HepG2 library in \gt10 with synthetic oligonucleotide probes based on the published cDNA sequence of Mueckler et al. (2) . One of these, XhGT2, contained an insert of 2481 base pairs (bp) (exclusive of poly A tract) corresponding to nucleotides -200-2281 with the numbering system of Mueckler et al. (2) . The 5'-untranslated region of this clone was 21 bp longer than the published sequence. This clone possessed a poly A tract following nucleotide 2281. An Eco Rl fragment spanning nucleotides -200-281 (designated hGT2-2) and 282-2281 and including the poly A tract (hGT2-1) was isolated and used as a probe for hybridization to the Southern blots. The \hGT2 probe was used for in situ hybridization to metaphase chromosomes. Gene mapping. The chromosomal localization of GLUT was determined by hybridization of the nick-translated probe to Southern blots (3) of Bam Hl-digested DNA of each of 42 different human-mouse somatic cell hybrid cell lines (4, 5) and to human metaphase chromosomes as described previously (6,7). Restriction-fragment-length polymorphisms (RFLPs). DNA from 10 unrelated Whites was examined for RFLPs after digestion with enzymes Ava II, Bam HI, Bel I, Bgl II, Eco Rl, Eco RV, Hae III, Hinc II, Hind III, Hinf I, Kpn I, Mbo I, Msp I, Pfl Ml, Pst I, Pvu II, Rsa I, Sac I, Stu I, Taq I, Xba I, Xho I, and Xmn I (Amersham, Arlington Heights, IL) and hybridization with hGT2-2.
RESULTS
The chromosomal assignment of GLUT was determined by correlating the presence of specific human chromosomes in DNA probe for human glucose transporter gene (GLUT) was hybridized to Southern blots containing Bam Hl-digested DNA from the human-mouse hybrids listed. GLUT was determined by scoring presence ( + ) or absence ( -) of human bands in the hybrids on the blots. Table is mosome 1 ( Table 1 ). Figure 1 shows the pattern of hybridization to DNA of cell hybrids that lack human chromosome 1 {lanes 3 and 4) and that have retained it {lanes 5 and 6). The 9.4-kbp Bam HI human fragment that hybridizes with this probe in digests of WI-38 DNA (Fig. 1, lane 2) does not consistently cosegregate with the other human fragments and chromosome 1 (e.g., compare the patterns of hybridization of lanes 3 and 5 of Fig. 1 ). The 9.4-kbp fragment hybridized more weakly than the other human fragments and was not well resolved in this hybrid panel. In fact, it has not been possible to assign this fragment to a particular human chromosome with either the somatic cell hybrids or in situ a panel of human-mouse somatic cell hybrids with GLUT sequences in the DNA isolated from these cell lines. The human GLUT probe hGT2-2 hybridized to three Bam HI fragments of 15.3, 12.1, and 7.8 kbp, weakly to a fourth fragment of 9.4 kbp in a digest of human DNA from WI-38 fibroblasts, and to three mouse fragments of 10.7, 3.5, and 3.1 kbp from RAG (HPRT) cells (Fig. 1) . It also hybridized to unique Kpn I and Hind III fragments of ~9 and -12.5 kbp, respectively (data not shown), suggesting that there is a single GLUT in the human genome. The hybridization of hGT2-2 to multiple Bam HI fragments indicates that the region of the gene encoding this cDNA fragment is interrupted by introns (no internal Bam HI sites in the cDNA sequence). Hybridization of probe hGT2-2 to genomic DNA from a panel of human-mouse somatic cell hybrid cell lines containing different combinations of human chromosomes revealed cell hybrids that either demonstrated human and mouse sequences or had only mouse sequences (Fig. 1) . The human fragments of 15.3, 12.1, and 7.8 kbp were only present in the DNA of cell lines that retained human chro- hybridization strategies. The data suggest that the 9.4-kbp fragment is not part of GLUT. We do not know whether it corresponds to a related gene or a pseudogene. The presence of GLUT in the hybrid JWR-22H (Table 1) , which contains no intact chromosome 1 but a translocation chromosome in which the p21-»pter region of chromosome 1 has been translocated to chromosome 2, indicates that this gene resides in the p21^»pter region of chromosome 1. Cell hybrid JWR-26C, retaining no intact chromosome 1 but the reciprocal translation (p21-»qter) to that in JWR-22H, did not demonstrate GLUT sequences, confirming the regional localization (Table 1 ). This localization was additionally confirmed, and a more precise regional assignment was determined by hybridization of \hGT2 to normal metaphase chromosomes. The deposit of silver grains assigned GLUT to the p31.3-H»p35 region of chromosome 1, with the most probable localization to 1p33 (Fig. 2) . No other chromosome bands were noted to have hybridization above background.
One of 23 enzymes examined revealed a common RFLP on hybridization with hGT2-2. A two-allele RFLP was observed with Xba I (Fig. 3) . The frequencies of the polymorphic fragments in 30 unrelated Whites were 0.32 (6.5-kbp allele) and 0.68 (6.3-kbp allele). Mendelian segregation was shown in five families, and the frequencies are consistent with Hardy-Weinberg proportions. Studies are in progress to identify additional RFLPs with the remainder of the cDNA, i.e., hGT2-1, as a probe; however, none have been observed to date.
DISCUSSION
The molecular mechanisms of insulin action have not been completely elucidated. Insulin binding to its cellular receptor leads to increased glucose uptake by mobilization of a pool of stored glucose transporter molecules. The hyperglycemia observed in subjects with NIDDM is probably a consequence of impaired glucose-stimulated release of insulin by the (3-cell as well as reduced sensitivity of the target cell to insulin's action (8) . The defects in the target cell could be in the insulin receptor or in the postreceptor response to insulin of proteins like the glucose transporter. The role of postreceptor defects in the etiology of NIDDM is unknown. However, variants of proteins whose metabolisms change in response to activation of the insulin receptor may confer susceptibility to this disorder. In this regard, variants of the glucose transporter could constitute a class of postreceptor defects that contribute to the hyperglycemia observed in NIDDM subjects. The isolation of cDNAs encoding this protein and the mapping of its gene to human chromosome 1 p31.3-»p35 together with the identification of a useful RFLP will allow the study of its role in the genetics of NIDDM.
